Recipients of ventricular assist devices (VADR) have a higher incidence to develop antibodies (Abs) against human leukocyte antigens (HLA). Non-HLA antibodies like major histocompatibility complex class I-related chain A (MICA) and autoantibodies against angiotensin type 1 receptor (AT1R) and endothelin receptor A (ETAR) are also implicated in the pathogenesis of acute rejection and allograft vasculopathy. We monitored non-HLA-and HLA-Abs in VADR up to one year after implantation.
Introduction
Ventricular assist devices (VADs) are indicated for the treatment of heart failure and due to the lack of suitable grafts as bridge to heart transplantation (HTx). However, despite the success in VAD therapy, VAD implantation is associated with an increased rate of human leukocyte antigen (HLA) immunization, above that which would be expected following exposure to the known risk factors like blood transfusion and previous pregnancy [1, 2] . The extended antibody production in VAD recipients (VADR) has been attributed to effects of the textured interior surfaces of VADs or the neointima, which is subsequently formed after implantation, on the host immune system [3, 4] . Thus, VADR show a 3-to 4-fold frequency of anti-HLA class I and class II immunoglobulin level, compared with an advanced heart failure control group [5] . Since the elevation of panel reactive antibodies (PRA) was associated with acute and chronic rejection, the level of sensitization prior HTx displays a significant risk on successful transplantation outcome [6] .
In addition to HLA class I and class II alloantibodies, non-HLA immune response against vascular endothelial cells can also be responsible for a higher risk of allograft vasculopathy (CAV) and graft failure [7] [8] [9] [10] [11] . Beside antibodies (Abs) against the histocompatibility complex class I-related chain A (MICA) antigen, agonistic Abs against angiotensin type 1 receptor (AT1R), the main receptor for angiotensin II, seem to negatively affect vascular rejection. In kidney-transplant recipients for example, the presence of AT1R-activating Abs was accompanied by allograft rejection and invariably accelerated hypertension [9] . Furthermore, Abs against endothelin receptor A (ETAR) act in a similar manner as anti-AT1R antibodies.
Using angiotensin II and endothelin A receptor blocker, it has been shown that both types of Abs specifically activate the AT1R or ETAR on microvascular endothelial cells, respectively.
This further leads to an activation of ERK1/2 kinase and to an increase of the pro-fibrotic cytokine TGFβ expression. Of note, this signaling occurs independently of the endogenous natural ligand and was even stronger with ETAR-Abs than with endothelin 1 (ET-1) [14] .
Interestingly, ETAR-Abs are also detected in most patients with systemic sclerosis, which is characterized by autoimmunity, tissue fibrosis and vasculopathy [14] . Both, Abs against AT1R and against ETAR negatively influence the survival of heart allografts: a recently published Open access journal CARDIOMETRY www.cardiometry.net
No.3 November, 2013 84 study showed that the maximum levels of AT1R-and ETAR-Abs in patients in cellular and antibody-mediated rejection (AMR) were significantly higher than in patients without rejection [10] .
To date, no information about the incidence of MICA-, AT1R-or ETAR-Abs in end-stage heart failure patients with VAD are available. But since these Abs have an impact on transplantation outcome, the objective of this study was to monitor Abs in VADR recipients.
Due to the fact that the incidence of allo¬sensitization is decreasing during length of ventricular support, we analyzed Ab occurrence up to one year after implantation [15] . In addition to non-HLA-Abs, we also evaluated the HLA-Abs and their specificities.
Materials and methods

Patient population
The study was approved by the Ethic Committee of the Medical Faculty of the University Leipzig and study was conducted with the understanding and consent of human subjects. 56 patients (50 men, 6 woman), who underwent VAD implantation between November 2008 and January 2012 at the Heart Center of the University Hospital Leipzig were included in this study. Age, etiology, transfusion history and PRA of the VADR were reviewed. The baseline characteristics are summarized in Table 1 . AT1R-and ETAR-Abs were determined and quantified using a cell-based ELISA method by CellTrend GmbH (Luckenwalde, Germany), developed in the Department of Nephrology, Charité Campus Virchow Clinic, Berlin, Germany. According to a previous study, a cut-off at 16.5 U/l was used to distinguish high from low binding [10] .
After VAD-implantation, HLA-and MICA-Abs were measured at least every 3 months. AT1R-and ETAR-Abs were screened two to four times per year.
Statistical analysis
Data are shown as mean and standard deviation (SD). Statistical significance was tested by
Mann-Whitney Rank Sum Test; a p-value of 0.05 was considered to be significant.
Results
Non-HLA antibodies
In our study, within the first year of ventricular support, 50% (n=28) and 51.8% (n=29) of the VADR showed a high level of Abs against AT1R or ETAR (> 16.5 U/l), respectively.
All VADR with Abs against AT1R were positive as well for ETAR-Abs, and vica verse. Of these AT1R/ETAR positive patients, only few showed moderate elevated antibody titres up to 100 U Regarding time-dependency of Ab occurrence, 25% (n=14) of all VADR showed a slight decrease in AT1R-and ETAR-Ab titres during the study period, but with only two VADR falling under the assumed cut-off of 17 U, while in 12.5% (n=7) of the patients the titres increased.
Interestingly, there was one VADR, with negative anti-AT1R/ETAR diagnostic finding two months after VAD implantation, but with an increase of Ab titres >2000 U after ten months.
This patient had serious Clostridium difficile, Staphylococcus aureus-driveline and rotavirus infections at the time between the two measurements.
For all VADR with high AT1R-and ETAR-Ab titres >2000 U no changes of titres were detectable during length of ventricular support. Since AT1R-Abs activate the AT1 receptor, we also examined the medication regimes for each individual patient and recorded the intake of AT1R blocker and ACE (angiotensin converting enzyme) inhibitors [14, 16] . Out of all AT1R- Using the Luminex-technology we also screened these patients for MICA-Abs. We only found 25% (n=14) MICA positive patients in our cohort. Out of these MICA positive patients 78.6% (n=11) were also positive for AT1R-and ETAR-Abs. By using LABScreen® Single
Antigen analysis an accumulation of MICA-07, -19, and -27 was observed.
HLA-antibodies
To completely evaluate sensitization, we also screened all VADR for HLA class I and class II Abs. 44.6% (n=25) of the patients had Abs against HLA class I and 25% (n=14) against HLA class II. Referred to AT1R-and ETAR-Abs, 60% (n=15) of the HLA class I-positive and 64.3% 
Blood transfusion history
Blood transfusion history, including red blood cells (RBC), platelets and fresh frozen plasma (FFP), did not show a significant difference between HLA-and MICA-Ab-negative andpositive recipients (Table 2) . AT1R-and ETAR-Ab-positive VADR received numerically more red blood cells and fresh frozen plasma. Furthermore, they received a statistical significant higher amount of platelets (Table 2) . 
Discussion and conclusions
During the last years, it has become evident, that the implantation of VADs is associated with an immunological risk, which influences not only morbidity during ventricular assistance, but can also influence the waiting time to transplantation as well as the transplantation outcome due to allosensitization [1, [17] [18] [19] The increasing number of implanted biomaterial in the new generation of VAD (e.g.
HeartMateII®, HVAD®) showed, that no material is biological inert. Currently used ventricular assist devices consists of a combination of metal, polymers and porcine tissue (e.g.
HeartMateII®, HVAD®, Thoratec®), which is in continuous contact with blood [20] . Ab production has been attributed to the textured interior of devices, which is necessary to form a neointima and prevent thrombotic events. VADR show an IL-6 mediated B-cell hyperreactivity caused by CD40L expression of T-cells in response to VAD-derived biomaterial suspension. This is held to be responsible for an increased production of immunoglobulins and allosensitization during ventricular support [21] .
Furthermore, it has been shown, that monocyte-T-cell interaction and T-cell activation through IL-2 receptor dependent pathways occurred on surfaces of assist devices [22] .
Despite their activation, T-cells from VADR show defective proliferative responses after activation and a heightened surface expression of CD95, leading to enhanced activation induced cell death [3, 5] . This impairment of cellular immunity leads to an enhanced risk to suffer from uncommon fungal infection, e.g. Candida [3] .
Allosensitization against HLA class I and class II antigens is a common phenomenon during ventricular assistance and had been described in several previous studies [15, [23] [24] [25] [26] .
However, the implication of non-HLA antigens in chronic rejection after HTx, especially cardiac allograft vasculopathy (CAV) became more evident [10] .
In this study we demonstrated for the first time that Abs against non-HLA antigens like MICA, AT1R and ETAR already occur prior to transplantation, during ventricular assistance.
We found, that a considerable proportion of VADR are sensitized against non-HLA antigens. In more detail, this study showed, that 50% of VADR were positive for AT1R-Abs. A prospective analysis in heart allograft recipients showed, that patients with cellular and antibodymediated rejection had higher maximum level for AT1R-and ETAR-Abs and a predictive cutoff of 16.5 U/l was figured out [10] . Of note, our group also showed, that 75% of heart allograft recipients with transplant relevant antibodies and diagnosed CAV are positive for AT1R-and/or ETAR-Abs [11] .
Anti-AT1R (IgG1 and IgG3) bind to two epitopes of the second extracellular loop, activating the receptor and subsequently ERK1/2 kinase in microvascular endothelial cells, which finally leads to increased proliferation and fibrosis [14, 16] . Interestingly, a higher myocardial AT1R gene expression correlates with the incidence of CAV in HTx patients, compared to a nonvasculopathic group [27] [28] [29] .
Beyond the expression in endothelium, smooth muscle cells, fibroblasts and cardiomyocytes, the AT1R is also expressed in T cells, natural killer cells and monocytes, indicating a non-classical function of Angiotensin II (AngII) in leukocytes [30] . Furthermore, AT1R expression is about 10fold higher in activated T cells [31] . Since it had been shown, that
AngII enhances expression of T cell activation marker CD25 and CD69, agonistic AT1R-Abs may also be involved in T cell activation and in the mechanism of allosensitization during ventricular assistance [31] .
Regarding the medication regime, one can speculate, that the AngII signalling in AT1R-Abpositive VADR receiving ACE inhibitors (42.9%) is not sufficiently inhibited, whereas those patients receiving AT1R blocker should not be influenced by the occurrence of these Abs.
Nevertheless, follow-up studies after HTx should be done to test this hypothesis.
Beside AT1R-Abs, 51.8% of VADR were positive for Abs against ETAR, which are involved in pathogenesis of systemic sclerosis and vasculopathy [14] . Systemic sclerosis patients harbor AT1R-and ETAR-Abs and it was shown that these Abs could participate in fibrogenesis via induction of TGFß expression in human microvascular endothelial cells [14] .
We confirmed, in accordance with published data, the coincidental occurrence of both Ab types in VADR [14] . To date, the factors which lead to the loss of self-tolerance of the immune system, and subsequently to the generation of these Abs are not well understood. The receptors have to be degraded into oligopeptides and engulfed into antigen-presenting cells, which may be a result of cell damage. Studies dealing with AT1R-Abs in preeclampsia for example, assume hypoxia-mediated vascular injury and increased inflammatory response as main cause [32] . If a similar mechanism is responsible for Ab occurrence after VAD implantation is at present speculation. Of note, agonistic β1-adreno-, α1-adreno-and ETARAbs correlate with dilated cardiomyopathy, secondary hypertension and pulmonary arterial hypertension, respectively [32] . Since we measured no AT1R-and ETAR-Abs prior VAD implantation, it is difficult to estimate weather these abnormal high AT1R-and ETAR-Ab titres of more than half of all VADR are a result of pre-existing morbidity, VAD-surface modulated hyperreactive B-cells or an interplay of both. However, the large proportion of VADR having high-titre of AT1R-and ETAR-Abs indicate immunological high-risk patients, which warrant particular attention in monitoring and treatment prior and post transplantation.
Previous studies on kidney transplant recipients showed, that a combination therapy beyond the standard immunosuppressive therapy, consisting of additional plasmapheresis and immunoglobulin infusion as well as treatment with the AT1R blocker losartan, resulted in improved renal function and graft survival [9, 33] .
Moreover, our study showed for the first time, that VADR can also be sensitized to MICA antigens within the first year after implantation (25%). Since MICA-Abs are associated with acute and chronic rejection, these Abs could, depending on allograft-typing, decrease the longtime outcome after transplantation, and therefore should be included in screening procedure prior transplantation as well [34] .
HLA-sensitization through blood transfusions has been controversially discussed in previous studies. While platelet transfusions and plasma products may contain a sufficient amount of leukocytes to cause HLA alloimmunization and to increase PRA [17, 26] , red blood cell transfusion may have no influence on the development of HLA class I-Abs, due to less contaminating T cells [5] .
Furthermore Coppage and colleagues stated, that the use of leukocyte-reduced, irradiated, ABO identical blood products abrogates broad allosensitization in a highly transfused population [20] . Thus, we also measured HLA-Ab titres and found that Abs against HLA class I occurred in 44.6% and against HLA class II in 25% of the VADR.
Regarding HLA-and MICA-Ab occurrence, we observed no significant difference in the number of blood transfusions between Ab-negative and Ab-positive patients ( Table 2) . As the occurrence of HLA-and MICA-Abs in our study did not correlate with transfusion-quantity, it is hypothesized that the textured interior of the VAD itself may be the cause for sensitization.
However, in our study, occurrence of Abs could not be correlated to a special type of VAD (data not shown). Since AT1R-and ETAR-Ab-positive VADR received a higher amount of blood transfusions, this might also be a risk factor for developing Abs against AT1R and ETAR.
For example, two VAD patient of our study (Figures 2 and 4) showed, that the AT1R-and ETAR-Ab occurrence may be independent of the occurrence of other transplant relevant Abs like Abs against HLA class I, HLA class II or MICA.
In summary, this study showed for the first time the incidence of non-HLA-Abs in VADR.
Since not only HLA-but also AT1R-, ETAR-and MICA-Abs are known to be involved in the pathogenesis of AMR and CAV after solid organ transplantation, screening for non-HLA-Abs should be included in clinical routine. Especially in end-stage heart failure patients and those who were bridged-to-transplant with VAD, such an Ab screening might be helpful to identify patients at risk prior HTx and, furthermore, to treat them appropriately.
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